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Description 

METHOD FOR REVERSING THE DRIVING 

DIRECTION 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/00842 
filed 29 April 2002 which was published in English pur- 
suant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0101791-2 filed 18 May 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Technical Field and Background 

[0002] Th e present invention relates to a method for reversing 

the driving direction of a vehicle in motion that includes a 
movement of a gear selector to a position that indicates 
the new intended driving direction, which is detected. The 



terminology of "reversing" in the present context is uti- 
lized to mean changing the direction of vehicle movement 
to an opposite direction from the original direction occur- 
ring when the "reversing" is affected. Such a reversing 
method is carried out frequently during the operation of 
the machinery piece more commonly known as a wheel 
loader. Wheel loaders are driven forwards and backwards, 
for short distances, during loading - an action that con- 
stitutes a large part of the machine's operating time. Typ- 
ically, the vehicle is repeatedly driven forwards, braked to 
a stop, driven backwards, braked to a stop, and then 

driven forwards again. 
Summary of Invention 

[0003] As addressed in one exemplary embodiment of the inven- 
tion regarding a method for reversing the driving direction 
of a vehicle, the reverse gear is selected by the driver us- 
ing a gear selector when initiation of braking is desired in 
order to affect reverse travel. The turbine wheel shaft of 
the torque converter is then connected to the drive wheel 
via the gearbox in such a way that the direction of rota- 
tion of the turbine wheel is reversed. This takes place rel- 
atively instantaneously via two disc clutches in the forward 
and reverse gear. The turbine wheel then starts to rotate 



in the opposite direction relative to the torque converter's 
impeller that is in direct connection with the engine. In 
this way, the driver is able to control the engine speed by 
means of the vehicle's gas pedal. This means that the tur- 
bine wheel, and thereby the vehicle, are slowed down. 
With increased gas supply, the impeller is driven with 
greater torque and a stronger braking is achieved. In 
other words, the braking force depends upon the speed of 
the torque converter's impeller relative to the speed of the 
turbine shaft. The braking force is not proportional to the 
engine speed, but is a function of the performance of the 
torque converter. 

[0004] with continued gas supply, the vehicle is braked to a stop, 
after which the direction of the vehicle is reversed. The 
only gear operation the driver carries out is thus to select 
reverse gear, and thereafter the reversing procedure is 
taken care of by the driver regulating the gas supply to 
the engine via the gas pedal. 

[0005] The invention will be described below in the context of re- 
versing the driving direction of a wheel loader. This is to 
be regarded as a preferred, but in no way limiting applica- 
tion of the invention. The reversing method is also appli- 
cable to other types of work machines, such as a frame- 



steered vehicles, so-called dumpers, and other types of 
vehicles, including industrial trucks. 
[0006] An object of the presently disclosed invention is to 

achieve a method for reversing vehicle driving direction, 
which enables the consumption of less energy by the ve- 
hicle's engine in comparison to previously available meth- 
ods. This object is achieved by the vehicle's driving brakes 
being applied depending upon the depression of the vehi- 
cle's gas pedal, after the gear selector has assumed the 
new driving direction position. In other words, the vehicle 
is braked by its driving brakes and not by the torque con- 
verter during the said reversing procedure. By this means, 
it is not necessary to use the engine for braking, which 
results in a reduction in fuel consumption. The level of 
application of the driving brakes preferably increases with 
increased depression of the position of the vehicle's gas 
pedal. 

[0007] | n addition, there is a reduced need to cool the vehicle's 
engine in comparison to previous technology that usually 
required that the heat generated in the torque converter 
during braking be dissipated via the vehicle's cooling sys- 
tem. 

[0008] | n addition, the braking becomes predictable, as the de- 



pression of the gas pedal by the driver controls the retar- 
dation. This means that the same retardation is achieved 
irrespective of the gear position. 

[0009] | n addition, the engine power can be used for a purpose 
other than for braking, such as raising a scoop load and 
thereby also assuring that this other application does not 
affect vehicle braking capability. 

[0010] As explained, the speed of the vehicle's engine increases 
with increased depression of the gas pedal. This makes it 
possible for the driver to use the same driving strategy 
previous utilized. In other words, the higher the engine 
speed, the greater the braking power; a reaction to which 
the driver is accustomed. 

[0011] As a preferred further development (additional feature), 
the vehicle's gearbox is disconnected from the vehicle's 
engine when the gear selector has been moved to the new 
(reverse) driving direction position. The engine can then 
be used at full power for another purpose, such as raising 
a load using the vehicle's bucket or forks, without this af- 
fecting the braking capability. 
Brief Description of Drawings 

[0012] T ne invention will be described in greater detail in the fol- 
lowing, with reference to the embodiments that are shown 



in the attached drawings, and in which: 

[0013] Figure 1 is a schematic representation that illustrates an 
example of a vehicle's transmission in which the reversing 
method of the present invention can be implemented; 

[0014] Figure 2 is a series of six graphs depicting various param- 
eters, as a function of the time, for a method for reversing 
the vehicle's driving direction executed according to the 
teachings of the present invention; and 

[0015] Figure 3 is a schematic representation showing an ar- 
rangement for controlling the reversing method of the 

present invention. 
Detailed Description 

[0016] Figure 1 illustrates schematically an example of a vehicle's 
transmission for carrying out the claimed reversing 
method of the present invention. By reversing, it is meant 
changing the direction of movement to the opposite di- 
rection from the original direction. Such a reversing 
method is carried out frequently during the operation of a 
wheel loader. 

[0017] Figure 1 shows a combustion engine 1, in the form of a 
diesel engine, an automatic gearbox 2 and a hydrody- 
namic torque converter 4. The gearbox 2 comprises a for- 
ward and reverse gear 3. Figure 1 also shows a pump 5 



for the vehicle's lifting hydraulics, which pump (like the 
torque converter) is driven by an outgoing shaft 6 from 
the engine 1. An outgoing shaft 7 from the gearbox 2 
leads to a differential gear 27 on a wheel axle 8, on which 
the vehicle's driving wheels 9 are arranged. A driving 
brake 10 is arranged on each of the wheels 9. 

[0018] The gearbox consists of an electronically controlled auto- 
matic gearbox of the power-shift type. 

[0019] Figure 2 shows six graphs of various parameters, as func- 
tions of the time, for a first embodiment of the reversing 
method. The uppermost graph, I, illustrates the position 
of a gear selector or gear lever. The second graph down, 
II, shows the gear positions in the gearbox 2. The third 
graph down, III, shows the position of the vehicle's gas 
pedal. The fourth graph down, IV, shows the engine 
speed. The fifth graph down, V, shows the braking force. 
The sixth graph down, VI, shows the speed of the vehicle. 

[0020] Figure 3 shows, in addition, an arrangement 11 for con- 
trolling the reversing method. The arrangement comprises 
(includes, but is not limited to) a first control unit 26 (or 
ECU, Electrical Control Unit) with software for controlling 
execution of the method. The control unit, ECU 26, is also 
often called a CPU (Control Power Unit). 



[0021] a s an example, the procedure begins by the wheel loader 
being driven in a first direction (forwards) with a first gear 
position selected and with a first speed. If needed, a third 
gear is selected and the vehicle is moving at a speed of, 
for example, 15 km/h. The driver now wants to change 
the driving direction from the first direction (forwards) to 
the reverse direction (backwards) while a second gear is 
selected. He therefore moves the gear selector to a posi- 
tion that indicates the new intended backwards driving di- 
rection and second gear is still indicated. The movement 
of the gear selector to the new position is detected 
(represented by the reference numeral 12 in the graphs of 
Figure 2) by a first detector 25 connected to the control 
unit 26. 

[0022] upon movement of the gear lever or after detection of the 
new gear position, the vehicle's main gearbox 28 is dis- 
connected 13 (graph II of Figure 2) from the vehicle's en- 
gine 1 via the forward and reverse gear 3. The engine 
power can now be used in its entirety to supply hydraulic 
functions via the pump 5 and other consumers of power 
on the vehicle. The engine speed and the braking force 
are now increased slightly, while at the same time the ve- 
hicle's speed is reduced as illustrated in the graphs IV-VI 



after time-zero. 

[0023] For braking the vehicle, the driver depresses 22 (graph III 
of Figure 2) the gas pedal, which controls the application 
14 (graph V of Figure 2) of the vehicle's driving brakes 10, 
that is the wheel brakes. The position of the gas pedal is 
detected for this purpose by a second detector 24. More 
specifically, the level of application of the driving brakes is 
controlled as a function of the position of the vehicle's gas 
pedal. The vehicle's retardation (braking) can hereby be 
controlled as required, for example linearly or non- 
linearly. 

[0024] The arrangement 11 comprises a second control unit 29 
(Figure 3) for controlling the speed of the engine 1. The 
second control unit 29 is functionally connected to the 
first control unit 26 and obtains information therefrom 
concerning the desired engine speed. This desired engine 
speed is in turn controlled by the degree of depression of 
the gas pedal. This means that the driver can use a driving 
strategy in which the higher the engine speed, the greater 
the braking force that is developed. 

[0025] The engine speed is thus increased with increased de- 
pression of the gas pedal and the speed of the vehicle is 
reduced. The broken lines in Figure 2 show the engine 



speed, the braking force and the speed of the vehicle in 
the event of a reduced depression of the gas pedal and 
the chain-dotted lines show the engine speed, the braking 
force and the speed of the vehicle when the gas pedal is 
not operated. 

[0026] The engine speed is detected via a sensor 30 and the 
speed of a turbine in the torque converter 4 is detected 
via an additional sensor 31. These sensors are connected 
to the first control unit 26. On the basis of these detected 
values, a soft application of the driving brakes 10 can be 
carried out. 

[0027] a third detector 32 detects depression of the vehicle's 
brake pedal. The third detector 32 is connected to the 
control unit 26, whereby the braking force generated by 
the depression of the gas pedal can be intensified by de- 
pression of the brake pedal. In other words, the algorithm 
that the ECU 26 sends out to the driving brakes 10 is 
strengthened upon depression of the brake pedal. 

[0028] After braking has commenced via the depression of the 
gas pedal, the ECU 26 controls a number of operations 
automatically depending upon the vehicle's speed. In the 
context of the present disclosure, the terminology, "auto- 
matic," is used to denote the characteristic that the so- 



described function is carried out based on programming 
of one of the controlling control units. Often, initiation of 
the automated functionality will be based on a sensed 
condition such as the position of the gear selector or the 
speed of the vehicle. 
[0029] The vehicle's speed is detected by sensors 23 in a con- 
ventional way; for example, by measurement of the speed 
of rotation of a shaft inside the gearbox 2. After discon- 
nection 13 of the gearbox 2, a change down 15 from third 
gear to second gear is carried out automatically when the 
speed is less than a first predetermined value. The broken 
line in graph II of Figure 2 shows the case in which fourth 
gear is engaged, instead of third gear, and thereafter a 
change-down to second gear is carried out from fourth 
gear. 

[0030] when the vehicle's speed is less than a second predeter- 
mined value, the engine speed is automatically reduced 
16 in order to give a soft connection of the reverse gear R 
in the forward and reverse gear 3. 

[0031] when the vehicle's speed is less than a third predeter- 
mined value, the driving brakes 10 are disconnected 17 
smoothly. 

[0032] when the vehicle's speed is less than a fourth predeter- 



mined value that is close to zero, a soft, stepless change 
from forward F to reverse position R in the forward and 
reverse gear 3 is commenced 18. With continued gas sup- 
ply, the vehicle is accelerated in the new direction 
(backwards). This takes place suitably at essentially the 
same time as the driving brakes 10 are disconnected. 

[0033] | n other words, the reversing procedure is controlled in 
accordance with a predetermined sequence after the gear 
selector has been moved to the position that indicates a 
new intended driving direction (reverse) and the gas pedal 
has been activated. 

[0034] | n preferred embodiment, the driving brakes 10 are ap- 
plied as a function of the position of the gas pedal and, 
more specifically, linearly up to a specific value, which 
corresponds to the position of the gas pedal. In this way, 
the driver experiences accustomed vehicle responses; that 
is, with increased depression of the gas pedal, the vehicle 
is braked more. In other words, the higher the engine 
speed, the greater the braking force. 

[0035] By means of disk clutches (friction clutches) in the forward 
and reverse gear, the reverse gear is selected gradually 
while at the same time the driving brakes 10 are gradually 
deactivated during the change of direction. 



[0036] As an alternative or supplement to the application of the 
driving brakes as a function of the position of the gas 
pedal, the application can be carried out in accordance 
with a predetermined sequence. 

[0037] Among others, the term gear selector covers both a single 
operating device controlling both the driving direction and 
the gear position, and also a separate operating device 
controlling the driving direction and another separate op- 
erating device controlling the gear position. 

[0038] The invention is not to be considered to be restricted to 
the abovementioned embodiments, but a number of fur- 
ther variants and modifications are possible within the 
framework of the patent claims. 

[0039] For example, the gearbox design shown in Figure 1 is only 
to be regarded as an example of a gearbox that can be 
used for carrying out the reversing method. 

[0040] | n addition, the two control units 26, 29 can be integrated 
into a single control unit. 

[0041] As an alternative to a change downwards being carried out 
automatically when the speed is less than a first predeter- 
mined value, the changing down can be carried out in- 
stead after a certain period of time after the commence- 
ment of the braking procedure and, if required, also de- 



pending upon the degree of application of the brakes. 

[0042] As an alternative to detecting the vehicle's speed as 

claimed in the example above and a reduction in the en- 
gine speed being carried out automatically when the vehi- 
cle's speed is less than a second predetermined value, the 
engine speed can be reduced instead after a certain pe- 
riod of time following the commencement of the braking 
procedure and, if required, also depending upon the de- 
gree of application of the brakes. 

[0043] As an alternative to detecting the vehicle's speed and dis- 
connecting the driving brakes when the vehicle's speed is 
less than a third predetermined value, the disconnection 
can be carried out instead after a certain period of time 
after the commencement of the braking procedure and, if 
required, also depending upon the degree of application 
of the brakes. 

[0044] As an alternative to detecting the vehicle's speed as ex- 
emplarily described, and commencing a change from for- 
ward to reverse position in the forward and reverse gear 
when the vehicle's speed is less than a fourth predeter- 
mined value that is close to zero, the change can be car- 
ried out instead after a certain period of time after the 
commencement of the braking procedure and, if required, 



also depending upon the degree of application of the 
brakes. 

[0045] The invention has been described above in the case when 
a reversing of driving direction from forwards to back- 
wards is being carried out, but it is of course also within 
the scope of the patent claims to reverse the driving di- 
rection from backwards to forwards in a corresponding 
way. In addition, the example described above, with 
changing from third forward gear to second reverse gear 
is, of course, only to be regarded as an example. In other 
words, the method can start with a different gear selected, 
such as second or fourth gear, and also end with a differ- 
ent gear selected, such as third or fourth gear. 



